Manganese proteins isolated from spinach thylakoid membranes and their role in O2 evolution. II. A binuclear manganese-containing 34 kilodalton protein, a probable component of the water dehydrogenase enzyme.
Extraction conditions have been found which result in the retention of manganese to the 33-34 kDa protein, first isolated as an apoprotein by Kuwabara and Murata (Kuwabara, T. and Murata, N. (1979) Biochim. Biophys Acta 581, 228-236). By maintaining an oxidizing-solution potential, with hydrophilic and lipophilic redox buffers during protein extraction of spinach grana-thylakoid membranes, the 33-34 kDa protein is observed to bind a maximum of 2 Mn/protein which are not released by extended dialysis versus buffer. This manganese is a part of the pool of 4 Mn/Photosystem II normally associated with the oxygen-evolving complex. The mechanism for retention of Mn to the protein during isolation appears to be by suppression of chemical reduction of natively bound, high-valent Mn to the labile Mn(II) oxidation state. This protein is also present in stoichiometric levels in highly active, O2-evolving, detergent-extracted PS-II particles which contain 4-5 Mn/PS II. Conditions which result in the loss of Mn and O2 evolution activity from functional membranes, such as incubation in 1.5 mM NH2OH or in ascorbate plus dithionite, also release Mn from the protein. The protein exists as a monomer of 33 kDa by gel filtration and 34 kDa by gel electrophoresis, with an isoelectric point of 5.1 +/- 0.1. The protein exhibits an EPR spectrum only below 12 K which extends over at least 2000 G centered at g = 2 consisting of non-uniformly separated hyperfine transitions with average splitting of 45-55 G. The magnitude of this splitting is nominally one-half the splitting observed in monomeric manganese complexes having O or N donor ligands. This is apparently due to electronic coupling of the two 55Mn nuclei in a presumed binuclear site. Either a ferromagnetically coupled binuclear Mn2(III,III) site or an antiferromagnetically coupled mixed-valence Mn2(II,III) site are considered as possible oxidation states to account for the EPR spectrum. Qualitatively similar hyperfine structure splittings are observed in ferromagnetically coupled binuclear Mn complexes having even-spin ground states. The extreme temperature dependence suggests the population of low-lying excited states such as are present in weakly coupled dimers and higher clusters of Mn ions, or, possibly, from efficient spin relaxation such as occurs in the Mn(III) oxidation state. Either 1.5 mM NH2OH or incubation with reducing agents abolishes the low temperature EPR signal and releases two Mn(II) ions to solution. This is consistent with the presence of Mn(III) in the isolated protein.(ABSTRACT TRUNCATED AT 400 WORDS)